ABSTRACT: This experiment evaluated the effect of 2 levels of diet concentrate (20 and 40% of DM) and 2 levels of ruminally undegraded protein (RUP: 25 and 40% of CP) on nutrient intake, total and partial apparent nutrient digestibility, microbial protein synthesis, and ruminal and physiological variables. Eight Nellore heifers (233 ± 14 kg of BW) fitted with ruminal, abomasal, and ileal cannulas were used. The animals were held in individual sheltered pens of approximately 15 m 2 and fed twice daily at 0800 and 1600 h for ad libitum intake. Heifers were allocated in two 4 × 4 Latin square designs, containing 8 heifers, 4 experimental periods, and 4 treatments in a 2 × 2 factorial arrangement. All statistical analyses were performed using PROC MIXED of SAS. Titanium dioxide (TiO 2 ) and chromic oxide (Cr 2 O 3 ) were used to estimate digesta fluxes and fecal excretion. Purine derivative (PD) excretion and abomasal purine bases were used to estimate the microbial N (MN) synthesis. No significant interaction (P > 0.10) between dietary levels of RUP and concentrate was observed. There was no effect of treatment (P = 0.24) on DMI. Both markers led to the same estimates of fecal, abomasal, and ileal DM fluxes, and digestibilities of DM and individual nutrients. Ruminal pH was affected by sampling time (P < 0.001), but no interaction between treatment and sampling time was observed (P = 0.71). There was an interaction between treatment and sampling time (P < 0.001) for ruminal NH 3 -N concentration. A linear decrease (P = 0.04) over sampling time was observed for the higher level of RUP, whereas a quadratic effect (P < 0.001) of sampling time was observed for the lower level of RUP. The higher level of dietary concentrate led to greater MN yield regardless of the level of RUP. The MN yield and the efficiency of microbial yield estimated from urinary PD excretion produced greater (P < 0.01) values than those estimated by either TiO 2 or Cr 2 O 3 , which did not differ (P = 0.63) from each other. However, all methods yielded values that were within the range reported in the literature. In conclusion, no interactions between dietary levels of RUP and concentrate were observed for ruminal and digestive parameters. Neither RUP nor concentrate level affected DMI. Titanium dioxide showed to be similar to Cr 2 O 3 as an external marker to measure digestibility and nutrient fluxes in cattle.
INTRODUCTION
The manipulation of rumen-degradable protein and the efficiency of N use in the rumen are effective nutritional strategies in reducing N losses under typical cattle feeding conditions (Tamminga, 1996) . Losses of N may be reduced by decreasing protein degradation in the rumen, increasing N use by ruminal microorganisms (Bach et al., 2005) , or both. Nonstructural and structural carbohydrates as well as protein are dietary components that can potentially be manipulated to optimize ruminal fermentation and to increase the passage of microbial N (MN) to the small intestine (Clark et al., 1992) .
The urinary purine derivative (PD) technique is used to estimate MN supply because it is simple and noninvasive, requiring no surgery on the animal (Chen et al., 1992) . Strong and positive linear relationships between microbial purine flow to the duodenum and urinary PD output have been reported (Moorby et al., 2006; Tas and Susenbeth, 2007) . External markers are used to determine the apparent digestibility of DM. Chromic oxide (Cr 2 O 3 ) has been successfully used to determine apparent digestibility (Lloyd et al., 1955) . Titanium dioxide (TiO 2 ) has been used in digestion studies with nonruminant animals. However, TiO 2 has received little attention as a digestibility marker for ruminants, and future research is needed to determine its usefulness in measuring digestibility in cattle (Titgemeyer et al., 2001) .
This experiment was carried out to evaluate the effect of 2 levels of dietary concentrate (20 and 40% of DM) and 2 levels of ruminally undegraded protein (RUP: 25 and 40% of CP) on the intake and total and partial apparent digestibilities of DM and nutrients; microbial protein synthesis estimated from urinary PD and from abomasal purine flow; and ruminal and physiological variables. Two markers, TiO 2 and Cr 2 O 3 , were compared for estimating digesta flux and fecal excretion.
MATERIALS AND METHODS
The experiment was carried out at the Animal Laboratory at the Animal Science Department at the Federal University of Viçosa, Brazil. Humane animal care and handling procedures followed the guidelines of the Federal University of Viçosa.
Animals and Management
Eight Nellore heifers, averaging 233 ± 14 kg of BW and approximately 18 mo of age, were used to evaluate the effects of 2 levels of RUP (25 and 40% of CP) and 2 levels of dietary concentrate (20 and 40% of DM) on DMI, total and partial (ruminal and small and large intestinal) apparent digestibility of the DM and nutrients, ruminal microbial synthesis, and ruminal variables. Corn silage was the only roughage in each diet (Table 1 ). All heifers were ruminally and abomasally cannulated. Additionally, 4 of the heifers were ileally cannulated. All heifers were held in individual sheltered pens of approximately 15 m 2 . Animals were fed twice daily at 0800 and 1600 h for ad libitum intake, allowing for up to 10% refusals. The diets were fed as a total mixed ration in which the corn silage and concentrate were weighed and mixed before feeding. Daily DMI was determined by the difference between the weight of offered and refused diets. Every day, before feeding the animals, diet refusals of each animal were removed and weighed, and data were recorded in spreadsheets for daily control. Samples (approximately 300 g) of the offered diet and refusals were stored in plastic bags, labeled, and kept in a freezer (−15°C) for subsequent chemical analysis. Four collection periods of 14 d each were used. At the end of a collection period (d 14), silage, concentrate, and refusal samples of each animal were removed from the freezer, thawed at room temperature, and blended manually to obtain a composite sample per animal for each period. Heifers were weighed at the beginning and at the end of each experimental period before feeding in the morning.
Measurements and Sample Collections
Digesta flow was determined by adding 2 external markers (Cr 2 O 3 and TiO 2 ) in the rumen and measuring their concentration in abomasal and ileal digesta and feces. A daily dose (10 g) of each marker was added through the ruminal cannula into the liquid phase of the ruminal content at 1100 h from d 2 to 12 of Dietary concentrate and protein for heifers each experimental period (Cecava et al., 1990a) . Fecal, abomasal, and ileal samples were collected every 22 h starting at 1600 h on d 8 and continuing through 0800 h on d 12 of each experimental period (Itavo et al., 2002) . Abomasal and ileal digesta (approximately 200 mL) were collected via cannulas, whereas fecal samples (approximately 200 g) were directly collected from the rectum. Digesta samples were stored in plastic bags, labeled, and stored at −15°C for subsequent chemical analyses.
The samples of feeds, refusals, abomasal and ileal digesta, and feces were predried in a forced-air oven at 60°C for 72 h and ground in a Wiley mill (1-mm screen; Arthur H. Thomas, Philadelphia, PA) as described by Cecava et al. (1990a) . Samples of feces and of abomasal and ileal digesta were composited (10 g of predried sample of each sampling day were used to compose the final sample) for each animal and period. All composite samples were stored in glass jars for subsequent analyses. Chromium concentrations in feces and in abomasal and ileal digesta were determined by use of an atomic absorption spectrophotometer (Williams et al., 1962) . Titanium concentrations were determined by spectrophotometric analysis (Myers et al., 2004) .
A ruminal sample for microbial mass determination was collected 6 h after feeding on the last day of each experimental period (Cecava et al., 1990b) . On the same day (d 14), ruminal fluid was collected at 0, 2, 4, and 6 h after feeding to determine pH and NH 3 concentration. The pH was determined in 50 mL of the rumen fluid by using a digital pH meter (Digmed Model DM21, Digicrom, São Paulo, Brazil). After pH measurement, the samples were poured into 80-mL plastic flasks with 1 mL of 9.3 M H 2 SO 4 and frozen at −15°C for subsequent analysis of NH 3 -N concentration. Blood samples (10 mL) were collected from a jugular vein at 4 h after feeding in each period (d 13) using heparinized blood collection tubes (Vacuette, Greiner Bio-One Americana, São Paulo, Brazil). The blood samples were immediately centrifuged at 1,500 × g for 15 min at room temperature (about 24°C) to separate the plasma. The plasma was frozen at −15°C until analysis of urea, which was performed using the enzymatic colorimetric technique (Kerscher and Ziegenhorn, 1985) with a commercial kit (Urea CE, Labtest Diagnostic S.A., Lagoa Santa, Brazil). Composite samples of each material (silage, concentrate, feed refusals, abomasal and ileal digesta, and feces) were used to determine DM (predried composite sample were dried overnight at 105°C in an oven), ether extract (EE, by loss in weight of the dried sample upon extraction with diethyl ether in Soxhlet extraction apparatuses for 6 h; AOAC, 1990) , CP (N analysis via micro-Kjeldahl using 0.2 g of sample; AOAC, 1990) , NDF (including α amylase, but without sodium sulfite; Van Soest et al., 1991) , and ash (complete combustion in a muffle furnace at 600°C for 6 h; AOAC, 1990) . In addition, the NDF was corrected for contamination of CP and ash (NDFcp). The nonfiber carbohydrate (NFC) was calculated as 100 − [(% CP − % CP from urea + % of urea) + % NDFcp + % EE + % ash] (Hall, 2000) , and apparent TDN was calculated as: (CP intake − fecal CP) + (NDFcp intake − fecal NDFcp) + (NFC intake − fecal NFC) + [2.25 × (EE intake − fecal EE)] (Sniffen et al., 1992) . The ruminal degradable carbohydrate (RDCHO) was calculated as CHO intake -abomasal CHO flow; ruminal degradable OM (RDOM) was calculated as OM intake -abomasal OM flow; and the ruminal degradable true OM (RDTOM) was calculated as OM intake -(abomasal OM flow -abomasal microbial OM).
Urinary N Excretion and MN Synthesis
Urinary creatinine concentration was used as an indicator of urine output (Chizzotti et al., 2008) . Spot urine samples (approximately 250 mL) were collected from all heifers on d 13 of each experimental period, 4 h after feeding, either when heifers urinated spontaneously or following vaginal stimulation. The samples were filtered through 4 layers of cheesecloth and 50 mL was immediately frozen at −15°C as stock material. One aliquot (10 mL) of urine sample (by each animal and period) was diluted with 40 mL of 0.018 mM H 2 SO 4 and stored at −15°C for subsequent analysis.
Commercial kits were used to analyze urine for creatinine (No. 555-A; Sigma Chem. Co., St. Louis, MO). Allantoin and uric acid in urine samples were measured as described by Young and Conway (1942) . Urine volume was estimated using creatinine concentration as a marker and assuming a daily creatinine excretion of 27.11 mg/kg of BW 0.75 (Barbosa et al., 2006) . Microbial CP (MCP) synthesis and microbial efficiency were determined using purine bases (PB) as microbial markers according to Ushida et al. (1985) . The PB were determined on approximately 400 mg of airdried abomasal digesta and 400 mg of ruminal bacteria samples. The abomasal DM used to compute abomasal PB was estimated using both Cr 2 O 3 (PBCr) and TiO 2 (PBTi). In addition, MCP was calculated via total excretion of PD (allantoin + uric acid) using equations proposed by Chen and Orskov (2003) . It was assumed that endogenous contributions of total excretion of PD were 170 mmol/kg 0.75 (Osuji et al., 1996) . Thereafter, the amount of microbial N was estimated as shown in Eq.
[1] and [2], assuming 70 mg of N/mmol of PD, microbial purine digestibility of 0.83, ratio of purine N to total N in mixed microbial biomass of 0.116, and the absorptive efficiency of purines of 0.85 (Valadares et al., 1999) :
where MN is the amount of microbial N, g/d; X is the amount of microbial PD absorbed, mmol/d; and Y is the amount of PD excreted, mmol/d.
Statistical Design and Analysis
All statistical analyses were performed using PROC MIXED (SAS Inst. Inc., Cary, NC). Animals were allocated to two 4 × 4 Latin squares (Kuehl, 2000) , containing 8 animals, 4 experimental periods, and 4 treatments in a 2 × 2 factorial arrangement. Each animal within a period was the experimental unit. The statistical model is shown below:
where μ is the overall mean, α is the random effect of square, β is the random effect of period, γ(α) is the random effect of heifer within square, c is the level of concentrate, p is the level of RUP, c × p is the interaction between concentrate and protein, and ε is the random error.
The effect of markers (Cr 2 O 3 and TiO 2 ) was analyzed using a split-plot design in which markers were the subplot (Kuehl, 2000) . The statistical model is shown below:
where μ, α, β, γ(α), c, and p are as described above, δ is the random error associated with the main plot, m is the effect of marker, and m × c, m × p, and m × p × c are the interactions between concentrate, RUP, and markers, and ε is the random error to test markers and their interactions.
The ruminal pH and ruminal ammonia concentration were tested assuming repeated measures in a Latin square design (Kuehl, 2000) . Orthogonal contrasts were used to test for linear, quadratic, and cubic patterns of the time effect. The statistical model is shown below:
where μ, α, β, γ(α), c, and p are described above, t is the effect of time, and c × t, p × t, and c × p × t are the interactions between concentrate, RUP, and time, and ε is the random error.
RESULTS AND DISCUSSION

Intakes of DM and Nutrients
The DMI (kg/d or % of BW daily) was not affected by the levels of either concentrate or RUP (P = 0.24 and 0.20, respectively). Similarly, the level of concentrate or RUP did not affect intakes of OM (P = 0.10 and 0.13, respectively) and CP (P = 0.31 and 0.32, respectively). The level of concentrate affected the intake of NDFcp (P < 0.001), NFC (P < 0.001), TDN (P = 0.01), and EE (P < 0.001), but no effects of RUP (P = 0.06) or the interaction between concentrate and RUP (P = 0.64) were observed (Table 2 ). These observations were similar to those of Devant et al. (2000) who found no influence of protein concentration (17.0 and 14.0% of DM) or ruminal protein degradability (41.0 and 31.4% of CP) on the DMI of crossbred heifers fed barley straw (ranging from 4.49 to 4.86 kg/d). The DMI in our trial ranged from 3.91 to 4.55 kg/d (Table 2) . Similar results were reported by Casper et al. (1994) who found no effect of concentration (13.5 and 16.6% of dietary DM) or source of CP (soybean meal or extruded soybean meal) on the DMI of growing heifers. Pereira et al. (2007) evaluated the effect of concentrate level (20, 35, 50 , and 65% of DM) on the DMI of steers fed with Brachiaria brizantha silage as a sole source of forage. They reported a linear effect of concentrate level on DMI. The contrasting effects of concentrate level between our trial and that conducted by Pereira et al. (2007) could be due to forage source or the wider range in concentrate levels used by Pereira et al. (2007) .
The effects of the level of concentrate on the daily intakes of NDFcp, NFC, and EE were expected because of the different composition on these nutrients between diets with 20 and 40% concentrate ( Table 1) . The absence of an effect of the level of concentrate on DMI (P = 0.19) suggested that animals compensated by increasing the intake of silage. This increase in si- Dietary concentrate and protein for heifers lage intake was reflected by the increase of the NDFcp intake when 20% concentrate was fed. There were no significant interactions (P > 0.64) between the levels of concentrate and RUP on the intake of nutrients. Similar results were observed by Cecava et al. (1991) who detected few interactions between energy and RUP levels on the intake of nutrients.
Digestibility of DM and Nutrients
There were no interactions (P > 0.10) between markers and treatments (concentrate and RUP levels) for total-tract apparent digestibility. The total-tract apparent digestibility of DM, OM, NDFcp, and TDN were significantly affected by the level of concentrate; however, no effects of RUP (P = 0.11) or markers (P = 0.25) were observed (Table 3) .
Similarly, there were no interactions (P > 0.12) between markers and treatments (concentrate and RUP levels) for ruminal apparent digestibility. The ruminal apparent digestibility of DM, OM, EE, NDFcp, and NFC were not affected by treatments or marker (P > 0.09). However, the apparent ruminal digestibility of CP was affected (P = 0.02) by the RUP level, with an increase in apparent ruminal digestibility of CP as the RUP level decreased (Table 3) .
The apparent digestibilities in the small and large intestines of DM, OM, CP, EE, and NFC were not affected by the level of concentrate (P > 0.39); however, a significant effect of RUP level was observed for NDFcp small intestinal (P = 0.01) and large intestinal (P = 0.04) apparent digestibilities. Similar to total-tract and ruminal apparent digestibility, no interactions (P = 0.06) were observed between treatments and markers in the small and large intestines (Table 4) .
Digestibility is the result of the competition between digestion and passage rates. Passage rate is positively correlated with the DMI (Van Soest, 1994) . The absence of an effect of levels of concentrate and RUP on the intakes of DM (P = 0.19 and 0.13, respectively) and OM (P = 0.10 and 0.13, respectively), despite increases in apparent total-tract digestibility of DM and OM with increases in concentrate, suggests that increased levels of concentrate could improve the utilization of diets. The decreased NDFcp digestibility at the 40% concentrate level could be because of a faster rate of passage (Rode and Satter, 1988) or a decreased NDFcp fractional rate of digestion. Concentrate levels did not influence the NDFcp ruminal apparent digestibility (P = 0.50; Table 3), which accounted for more than 80% of the total-tract digestible NDFcp. Therefore, other intrinsic factors of the feed ingredients could have been associated with these results.
The absence of effects of RUP on the total-tract apparent digestibility of DM (P = 0.48) and OM (P = 0.37) was also reported by Devant et al. (2000) . Simi- Table 3 . Effects of levels of concentrate (C) and ruminally undegraded protein (RUP), and markers (TiO 2 and Cr 2 O 3 ) on total-tract and ruminal apparent digestibilities of nutrients, on fecal DM excretion (FDME), and on abomasal DM flow (ADMF) Digestibility was calculated as a percentage of intake (n = 58). 4 Digestibility was calculated as a percentage of total digestibility (n = 58).
larly, RUP did not influence the intake of DM or OM (P = 0.13 and 0.13, respectively; Table 2 ). As observed by Cecava et al. (1991) , protein degradability had little effect on site and extent of OM digestion when the diets contained adequate levels of CP.
Similar to our findings, Pereira et al. (2007) found no effects of levels of concentrate (20, 35, 50, and 65%) on ruminal apparent digestibility of nutrients. The high level of RUP improved the large intestinal apparent digestibility of NDFcp relative to the low RUP level, likely because the amount of N reaching the large intestine was decreased in the low level of RUP. This might have had an effect on fiber digestibility in the large intestine, which has an active microbial population that is effective in degrading fiber (Bergman, 1990) . Another possible explanation is the overestimation of NDFcp flowing into the ileum for the high-RUP diets as indicated by the negative small intestinal apparent digestibility of NDFcp (Table 4) .
Because both markers yielded similar estimates of fecal excretion and abomasal and ileal DM fluxes in the face of relatively constant DMI, digestibility of the DM and all other nutrients were not different between markers. Similar to our findings, Titgemeyer et al. (2001) observed no differences between TiO 2 and Cr 2 O 3 in estimating the apparent DM digestibility. However, because total fecal collection was not measured, these results need to be interpreted with some caution mainly because the fecal recoveries of markers were not performed. Estimates of RDCHO, RDOM, and RDTOM were not affected by either marker (P > 0.17; Table  3 ). The lack of marker effects on amounts of RDCHO, RDOM, and RDTOM (P = 0.17) is likely because of the lack of marker effects (P = 0.17) in estimating the abomasal DM flow (Table 3) .
Urinary Compound Excretion and Ruminal Microbial Synthesis
Microbial N synthesis estimated by urinary PD excretion was affected (P = 0.02) by level of concentrate, but neither MN synthesis nor urinary allantoin and uric acid excretions were affected by level of RUP (P = 0.06; Table 5 ). These results are consistent with the findings of Devant et al. (2000) , who observed no effects of protein degradability on PD excretion and MN synthesis.
As expected, increasing the amount of concentrate increased the MN yield (P = 0.02). This result was also reported by Valadares et al. (1999) and Pereira et al. (2007) . According to Stern and Hoover (1979) , high levels of readily fermentable carbohydrates (e.g., starch or sugars) are more effective than other carbohydrates sources (e.g., cellulose) in promoting microbial growth. Our results concur with the dependence of ruminal microbial growth on available feed energy.
Urinary allantoin excretion was affected (P = 0.01) by the level of concentrate. As MN yield increases, urinary allantoin excretion increases (Valadares et al., 1999) . Urinary uric acid excretion was not affected (P = 0.48) by the level of concentrate. The low correlation (r = 0.50) between energy intake and renal uric acid excretion was reported by Giesecke et al. (1994) . They also reported that allantoin was responsible for at least 90% of total urinary PD excretion. Therefore, it is expected that uric acid excretion would have lower correlation to the amount of concentrate than allantoin.
The concentration of plasma urea-N was not affected by either concentrate (P = 0.33) or RUP (P = 0.08) levels. The range of the plasma urea-N concentration in this experiment (10.5 to 13.0 mg/dL) is within the Digestibility was calculated as a percentage of total digestibility (n = 30).
Dietary concentrate and protein for heifers range reported by Veras et al. (2007) , who used similar animals and diets ranging from 7 to 15% CP with RUP approximately 30% of CP.
The amount of N in the microbial DM was not affected by the levels of concentrate (P = 0.34) or RUP (P = 0.21; Table 5 ). The ratio of microbial N-RNA to total N was not influenced by either concentrate (P = 0.26) or RUP (P = 0.54) in the diet. However, Clark et al. (1992) observed an effect of source and amount of dietary CP and forage:concentrate ratio on the ratio of microbial N:purine. Therefore, it is important to determine the ruminal microbial composition in every feeding situation.
Because there were no differences between markers to estimate RDOM, RDTOM, or RDCHO (Table 3) , the mean values derived from the use of TiO 2 and Cr 2 O 3 were used to calculate the efficiency of ruminal microbial growth (Tables 6 and 7 ). The efficiencies of ruminal microbial growth expressed in relation to RDOM, RDTOM, and RDCHO were not affected by level of concentrate (P = 0.38) or RUP (P = 0.46; Table 6 ), but were influenced (P < 0.01) by the microbial markers (urinary PD, PBTi, and PBCr, respectively) used to estimate the ruminal microbial growth (Table 7) . Pereira et al. (2007) found no effects of level of concentrate on efficiency of microbial synthesis expressed as grams of MCP per kilogram of TDN; grams of MN per kilogram of RDOM; and grams of MN per kilogram of RDCHO (114, 35.2, and 40.9; respectively); our values are shown in Table 6 and are similar to those reported by Pereira et al. (2007) . Veras et al. (2007) fed Nellore heifers different levels of dietary CP and observed values ranging from 22.6 to 31.9 g of MN/kg of RDTOM for the efficiency of ruminal microbial growth; these values are greater than those observed in our trial (18.9 to 22.4 g of MN/kg RDTOM).
Efficiency of MN synthesis is a useful indicator of how much energy is directed toward N deposition in microbes. However, efficiency of MN synthesis is unable to predict how much available N is actually being used by microbes (Bach et al., 2005) . Bach et al. (2005) reported that an optimum efficiency of microbial growth that would maximize the ruminal microbial N usage was 29 g of MN/kg of RDOM. This value is very close to that obtained in our study using either PD or abomasal purine bases (the PBTi and PBCr techniques). The average efficiency of MN synthesis in our study (30.6 g of MN/kg of RDOM; Table 6 ) was near the ideal value (29 g of MN/kg of RDOM) reported by Bach et al. (2005) ; therefore, changes in levels of concentrate and RUP might not be expected to affect the efficiency of MN synthesis. In fact, there was no difference between levels of concentrate (P = 0.19) or RUP (P = 0.26) on the efficiency of MN synthesis (Table 6 ). Hoover and Stokes (1991) suggested that NFC should constitute about 35 to 45% of dietary DM to ensure maximum ruminal MCP synthesis; our diets were within this range (Table 1) . Therefore, all experimental diets might have maximized the efficiency of N usage. 1 UV = urinary volume; ALA = urinary excretion of allantoin; UA = uric acid; RNA-N/MN = ratio between RNA-N and microbial N; MN was estimated using urinary purine derivative excretion. The value of MN synthesis estimated using the urinary PD excretion was significantly greater than that estimated by abomasal purine bases using TiO 2 or Cr 2 O 3 as a marker of abomasal DM flux ( Table 7) . The values obtained for MN synthesis (46.9, 38.4 , and 39.6 g/d for PD excretion, purine base using TiO 2 and Cr 2 O 3 , respectively) were similar to those obtained by Barbosa et al. (2006) in Nellore heifers (40.1 g/d using PD excretion).
Similar to the MN synthesis, the efficiency of MN synthesis estimated using urinary PD excretion had greater (P < 0.01) values than that estimated by either abomasal purine bases with TiO 2 or Cr 2 O 3 (Table 7) . González-Ronquillo et al. (2004) also reported greater values of efficiency of MN synthesis using urinary PD excretion (17.0 g of MN/kg of RDOM) than using duodenal PB (12.9 g of MN/kg of RDOM).
The adequacy of PD excretion in conjunction with spot urine sampling to calculate MN flux has been assessed in recent studies (Moorby et al., 2006; Tas and Susenbeth, 2007; Chizzotti et al., 2008) . The major limitation when using a single urinary spot sample is the daily variation on the urinary creatinine excretion rate. Chizzotti et al. (2008) evaluated the creatinine excretion rate estimated for different sampling times (6, 9, 12, 15, 18, 21 , and 24 h) and found no differences between sampling times. They also observed that creatinine excretion rate did not vary during a 24-h period and they obtained a daily average excretion rate of 5.45 mmol/h. The PD excretion from spot urine sampling has been evaluated in some papers (Chen et al., 1995; González-Ronquillo et al., 2004; Chizzotti et al., 2008) to be as efficient as the total urine collection to determine urinary PD excretion and consequently ruminal MN synthesis. The values of ruminal MN synthesis from PD excretion using spot urine sampling in our paper (Table 5) are within the range reported in the literature. Firkins et al. (2006) argued that the use of algebraic equations to estimate the duodenal PB flow in new studies ignores the error associated with the measurement of duodenal PB flow in the calibration study and only contains the error associated with measurement of urinary PD excretion in the new study. The major consequence of this observation is the increase of the variability associated with the measurements obtained through the PD techniques. Table 8 shows the effect of levels of concentrate and RUP on ruminal pH and NH 3 -N. Ruminal pH was affected by concentrate level (P = 0.03) and sampling time (P < 0.001). No interactions were observed (P > 0.42) between the treatments and sampling time. However, ruminal NH 3 -N was significantly affected by level of concentrate (P = 0.02) and RUP (P < 0.001), sampling time (P < 0.001), and the interaction (P < 0.001) between sampling time and treatment. As expected, the high level of concentrate decreased (P = 0.03) ruminal pH. Sampling time linearly affected (P < 0.001) rumen pH values, which were 6.59, 6.51, 6.36, and 6.35 at the sampling times of 0, 2, 4, and 6 h, respectively. The difference between 0 and 6 h was 0.24 units and the lowest value was 6.35. This value is Within a row, means without a common superscript letter differ (P < 0.05). 1 Efficiency of MN synthesis was expressed as g of MCP/kg of TDN; g of MN/kg of ruminal degradable OM (RDOM); g of MN/kg of ruminal degradable true OM (RDTOM); and g of MN/kg of ruminal degradable carbohydrate (RDCHO).
Ruminal NH 3 -N and pH
2 UPD = microbial N synthesis estimated by urinary purine derivative excretion; PBTi and PBCr = abomasal purine basis using TiO 2 or Cr 2 O 3 as an external marker, respectively.
3 M = marker; C= concentrate; RUP = ruminally undegraded protein. Dietary concentrate and protein for heifers higher than pH 6.2, which is assumed to be the threshold that increases the lag time and decreases the rate to digestion of cell wall (Van Soest, 1994) . The pH values observed in our experiment are in accordance with the values of 6.62, 6.66, 6.42, and 6.13 that were reported by Pereira et al. (2007) for 20, 35, 50, and 65% DM of concentrate, respectively. As expected, the lower level of RUP increased the ruminal NH 3 -N concentration within the sampling times 0, 2, and 4 h (P < 0.001, P = 0.02, and P < 0.001, respectively), probably because of the increase in the ruminally available N (Table 1) . Usually, increased ruminal ammonia indicates that a sufficient amount of protein has been degraded to meet microbial requirements (Gustafsson and Palmquist, 1993) .
A significant interaction between treatments and sampling time was observed for NH 3 -N from which a linear effect of sampling time was observed in the high RUP treatments (P < 0.001 and P = 0.04, respectively), whereas a quadratic effect of sampling time was observed in the low-RUP treatments (P < 0.001 and P < 0.001, respectively; Figure 1 ). However, a better description of the effects of RUP and concentrate levels on the ruminal pH and NH 3 -N variation could have been obtained through a more extensive period of sampling time evaluation.
In conclusion, no interactions between dietary levels of RUP and concentrate were observed for ruminal and digestion variables. Neither RUP nor concentrate levels affected DMI. Both markers (TiO 2 and Cr 2 O 3 ) yielded similar estimates for apparent digestibilities in the total tract, rumen, and small and large intestines. Similar estimates of MN synthesis and efficiency of MN synthesis were observed by using either TiO 2 or Cr 2 O 3 to estimate the flux of purine bases to the abomasum. Urinary PD excretion produced values of ruminal microbial synthesis and efficiency of microbial synthesis greater than those estimated using PB flux to the abomasum; however, all methods yielded values that were within the range reported in the literature.
